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where Ri i H or CH 3 and Fb is an alkyl group with i to 5 carbons; and (c) polyethyleneimine. Trie ink may be 
used in an .apparatus and according to the pre'seht ink jet recording method. 

■■ "." FIG: 'I (a) w-iiJa^K:, ...h^^.^-^. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a water-based ink with which recording can be made on not only 

coated paper, but also on non-coated paper generally used in offices and homes, i.e., so-called plain paper, 
at high printing density and quality. This invention further relates to an ink jet recording method using the 
ink, as well as equipment using the ink. . 

io Description of the Related Art 

An ink jet recording technique is advantageous in that less noise is generated during recording, and 
recording images of high resolution are obtained at a high speed by using heads with a high degree of 
integration. Such an ink jet recording technique employs, as a recording liquid, ink that is prepared by 
75 dissolving various water-soluble dyes in water or a mixture of water and an organic solvent. However, the 
use of water-soluble dyes often causes a problem in light resistance of recorded images because the water- 
soluble dyes are inherently poor in light resistance. 

Owing to the fact that ink is water-soluble, there also occurs a problem in water resistance of recorded 
images. In other words, if recorded images are moistened with rain, sweat or drinking water, they are likely 
20 to blur or disappear. 

Meanwhile, because of similar problems with respect to stationery usages involving such needs ; as ball 
pens employing dyes, various types of water pigment inks for stationery have been proposed with a view to 
solving the problems of resistance against light and water. From , the standpoint of using water pigment inks, 
proposals for achieving dispersion stability, preventing ink from solidifying at ball points, and preventing 

25 abrasion of balls used in ball pens are discussed in, e.g., Japanese Patent Laid-Open No. 5%80368, No. 61- 
247774. No. 61-272278. No. 62-568. No. 62-101671. No. ; 62 r ip1f>72. No. 1 -249869, and ^ 
Recently, ball pens, markers and the like using water-based- pigment inks = have been sold on the market. As 
ink jet recording ink using water pigment ink, Japanese Patent Laid-Open No. 56-14785i9, Na 56-147860, 
etc. propose ink using a particular water-soluble solvent and a high-molecular dispersant. Further, ink using 

30 both a pigment and a dye is proposed in Japanese Patent Laid-Open No. 4-57859, No. 4-57860, etc. 

However, conventional water-based pigment ink has a disadvantage in that printing quality and density 
are remarkably deteriorated depending on the types of paper used, especially when recording is made on 
plain paper (such as copying paper and bond paper widely used in offices). In general, since the surface 
condition of, plain paper is not uniform, unlike specific paper for ink jet recording, the quality of prints on 

35 plain paper varies depending on differences in absorption, spread and other properties of the ink. From the 
viewpoint particularly of printing density, which affects the quality, of prints to a large extent, printing quality 
is less affected by ink using water-soluble dyes depending on the surface condition of paper as dyes are 
fixed to paper fibers and tend to easily stay on the paper surface. On the other hand, because water-based 
pigment ink establishes printing density by leaving pigments on the paper surface, the paper surface 

40 condition largely affects the printing density. More specifically, water-based pigment ink employs alkali- 
soluble resins as a dispersant in most cases so that printing density is increased by agglomeration of the 
resins on the paper surface. Although printing quality and density are remarkably deteriorated with some 
types of paper, it is thought that the use of alkali-soluble resins, especially (rneth-) acrylic acid copolymers, 
is effective in not only satisfying printing quality and density, but also providing satisfactory dispersion of 

45 pigments and other properties. On the other hand, if those resins are used with ink for ink jet recording, 
many problems concerning reliability such as discharge stability, dispersion stability for a long term, and 
solidification of ink left at the fine nozzle end for a long time would be remained unsolved. This means that 
the use of those resins makes it difficult to achieve the desired printing density and quality and the desired 
reliability at the same time. 

so As means for improving printing density and quality, ink using alkali-soluble resins as a dispersant is 
disclosed in. e.g.. Japanese Patent Laid-Open No. 56-147863, No. 56-147868, No. 56-157470, No. 60- 
223074 and No. 60-223075. However, the disclosed types of ink cannot provide satisfactory printing density 
and quality when used for ink jet recording. 

Accordingly, there has been demand for an ink which can improve printing density and quality white 

55 meeting the reliability, required when used for ink jet recording, and particularly, stability in dispersion and 
discharge. 
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SUMMARY OF THE INVENTION 

In view of the above-discussed problems in the prior art, an object of the present invention is to provide 
a water-based pigment ink with which recording can be made on various kinds of plain paper at a high 
printing density and quality while ensuring satisfactory reliability. Providing an ink jet recording method 
using the ink, as well as equipment using the ink, is also an objective. 

Another object of the present invention is to provide a water-based pigment ink which has .satisfactory 
reliability in prevention of ink from solidifying at the fine nozzle end (orifice), stability during storage for a 
long term, etc.. and an ink jet recording method using the ink. 

The above objects are achieved by the present invention as follows. . - 

The water-based ink according to the invention that comprises a pigment, a dispersant for dispersing 
the pigment, a water-soluble organic solvent, and water, wherein the dispersant is at least one. compound 
selected from the group cousistihg of (a) to (c): 

(a) a polymer having a hydrophilic part and a hydrophobic part, the polymer containing, as a monomer 
making up the hydrophilic part. 3 to 25 mol% of at least one monomer containing a long-chain nonionic 
group, which is selected from the following formulae (I) to (III), and 5 to 60 mol% of a, 0 - ethylenic 
unsaturated carboxylic acid, 

CH 2 = C(R) - COO - (CH 2 CH 2 0) m H (I) * 

CH 2 = C(R) - COO - (CH 2 CH 2 0) n - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH 2 CH 2 0)p - phenyl - (CH 2 ) q H (III), 

where R is H or CH 3 . m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12. p is a 
numeral from 1 to 12, and q is a numeral from 1 to 1 6; 

(b) a polymer having a hydrophilic part and a hydrophobic part, the polymer containing, as a monomer 
making up the hydrophobic part, 5 to 70 rfiol% of at least one monomer; selected from the following 
formulae (IV) arid (V), 



(IV) 

R 2 



(V) 

O - C - Ro 
II 

o 

where Ri i H or CH 3 and R 2 is an alkyl group with 1 to 5 carbons; and 
(c) polyethyleneimine. 

Also, the water-based ink according to the invention contains a pigment, a dispersant, a water-soluble 
organic solvent, and water, wherein the ink contains at least one water-soluble organic solvent selected from 
the group consisting of monoalkyl ether of diol, monoalkyl ether of triol and dialkyl ether of triol, and white 
inorganic fine particles. 

Further, the water-based ink according to the inv ntion contains a pigment, a dispersant, a water-soluble 
organic solvent, and water, wherein the ink contains, as the water-soluble organic solvent, at least one 
selected from the group consisting of monoalkyl ether of diol, monoalkyl ether of triol and dialkyl ether of 
triol, and as the dispersant, rosin-denatu rated maleic acid. 
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The ink jet recording method according to the invention resides in that droplets of ink containing a 
recording agent and a liquid medium is discharged through orifices of a recording head in accordance with 
a recording signal to thereby make recording on a recording material, wherein the ink is any one of the 
above types of aqueous ink. 

5 The recording unit according to the invention comprises an ink receptacle containing ink and a head 

portion for discharging the ink in the form of ink droplets, wherein the ink is any one of the above types of 
aqueous ink. 

The ink cartridge according to the invention comprises an ink receptacle containing ink, wherein the ink 
is any one of the above types of aqueous ink. 
10 The ink jet recording apparatus according to the invention includes a recording unit comprising an ink 
receptacle containing ink and a head portion for discharging the ink in the form of ink droplets, wherein the 
ink is any one of the above types of aqueous ink. V 

The ink jet recording apparatus according to the invention comprises a recording head for discharging 
ink droplets, an ink cartridge having an ink receptacle containing ink, and an ink supply portion fpr 
is supplying the ink from the ink cartridge to the recording head, wherein the ink is any one of the above 
types of aqueous ink. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1(a) is a sectional view of one example of the structure of a head according to the present 
invention. 

Fig. 1<b) is a sectional view of a cross-section taken along line 1(b)- 1 (b) in Fig. 1 (a). 

Fig. 2 is a perspective view of a multi-head comprising a number of heads; shown in Fig. 1(a). arranged 

side by side. ;;•>-■ . • w : ? , t ,-.<y . 

25 Fig. 3 is a perspective view of an ink jet recording apparatus in which the head of the present invention 

disincorporated, ... v ; . . .. . . 

Fig. 4 is a sectional view of one example of an ink cartridge Vhich. . cpnfeiris-' ink supplied to th^ head 

■ through an ,ink supply tube. .„ - Vf , v ^ « 

; .. -Fig. 5 is a perspective view^of one example of an ink jet recording apparatus in which the head and the 
30 : ink cartridge are integral with each other. , . . :; . . ^ 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS ' ' V 

As a result of intensively studying the causes of deteriorating printing quality and density depending on 
35 the types of paper used when ink jet recording is performed on plain paper with ink using water-based 
pigments, the inventors have discovered that the surface condition of paper largely affects printing quality, 
especially printing density. In other words, water-based pigment ink establishes printing density owing to 
the fact that discharged ink starts agglomerating immediately after reaching the paper surface and then 
remains there If the paper has such a surface condition as to cause the ink to lose stability, good printing 
40 density is obtained, but if the ink starts to penetrate before agglomerating, the desired printing density 
cannot be obtained. While plain paper is mainly classified into acid paper and neutralized paperV any^ of 
paper can be subjected to various treatments depending on applications, and hence has differerit surface 
conditions, this results in difficulties in designing an ink so that the ink begins to instantaneously 
. agglomerate on the paper surfaces under every condition. Further, designing an ink so that it is unstable in 
45 .... a dispersion state, providing desired printing density, as described above, is contradictory to the reliability 
required for ink jet recording ink, i.e., discharge stability, stability during storage for a long term, and 
prevention of solidification of ink left for a long time at the fine nozzle end (orifice). 

With attention focused on a dispersant for use with water-based pigment inks, the inventors have found 
that, by using at least one polymer selected from the above groups (a) to .(c) as a dispersant, desired 
so printing density and quality can be obtained simultaneously with achievement of satisfactory reliability 
required for ink jet recording ink, i.e., discharge stability, stability during storage for a long term, and 
prevention of ink left for a long time from solidifying at the fine nozzle end of an ink jet recording apparatus. 

The inventors have also found that printing density and discharge characteristics are improved by using 
a combination of pigments and white inorganic fine particles, and a specific solvent, or by using rosin- 
55 denaturated maleic acid, as a dispersant, and a particular solvent in combination. 
The present invention will hereinafter be described in detail. 

The water-soluble resin selected from the above group (a) and used as a dispersant in the present 
invention contains 3 to 25 mol% of at least one monomer containing a long-chain nonionic group, which is 
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selected from the above three types of compounds having the general structures represented by the 
formulae (l) to (HI). Examples of such a monomer include: 

as for the formula (I), CH 2 = C(R) - COO - (CH 2 CH 2 0) m H (m = 2 to 24); 

CH 2 = C(CH 3 ) - COO - (CH 2 CH 2 0) m H: Blenmer-PE-90 (m = 1.9, Nippon Oil & Fats, Co.,). 

CH 2 = C(CH 3 ) - COO - (CH 2 CH 2 0) m H: Blenmer-PE-200 (m = 4.4, Nippon Oil & Fats, Co.,), 

CH 2 = C(CH 3 ) - COO - (CH 2 CH 2 0) m H: Btenmer-PE-350 (m = 7.7, Nippon Oil & Fats, Co.,), and v 

CH 2 = CH - COO - (CH 2 CH2 0) m H (m = 24): on experimental basis; 

as for the formula (II), Cl^ = C(R) - COO - (CH 2 CH20)„- (CH 2 ),H (n = 2 to 24, I = 1 to 12); 
methoxytriethylene glycol acrylate (R = H, n = 3, I = 1): NK ester AM-30G, 

methoxypolyethylene glycol #400 acrylate <R = H. n = approximately 10, I = 1): NK ester AM-90G, 
methoxydiethylene glycol methacrylate (R = CH 3 , n = 2 J = 1): NK ester M-20G, 
methoxytetraethylene glycol methacrylate (R = CH 3 , n = 4, 1 = 1): NK ester M-40G, 
methoxypolyethylene glycol #400 methacrylate (R = CH 3( n = approximately 10, I = 1): NK ester M- 
90G. 

methoxypolyethylene glycol #1000 methacrylate (R = H, n = 3, I = 1): NK ester AM-230G, and 
buthoxydiethylene glycol acrylate (R = H, n = 2, I = 4): NK ester AB-20G (all these products being 
manufactured by Shin Nakamura Chemical Industry Co., Ltd.); and 

as for the formula (III), CH 2 = C(R) - COO - (CH 2 CH 2 0) p - phenyl - (CH 2 ) q H (p = 1 to 12, q = 0 to 

16); 

phenoxydiethylene glycol acrylate (R = H, p = 2, q = 0): NK ester AMP-20G, 
phenoxypolyethylene glycol acrylate (R = H, p = approximately 5, q = 0): NK ester AMP-60G, 
nonylphenoxyethyl acrylate (R = H. p = 1, q = 8): NK ester NPA-10G (all these products being 
manufactured by Shin^Nakamura Chemlfcal Industry' CoV^Ltd•.) : /'and ^, • .... 
CH 2 = CH - COO - (CH2CH20)io - phenyl - (CH 2 )i 6 H: on experimental basis. 

Further, it is essential for the £r^sent ink to coritainV as'a hydrbphilic monomer, 5 to 60 mol% of a, ^ - 
ethylenic unsaturated carbpxyljc acid. Examples of such a monomer include acrylic acid, rhethacry lie acid, 
maleic acid, itaconic acid,' fumaric a^ ; 1 ' 

Examples of a hydrophobic monomer for use in copolymerization of the dispersaht in the; present 
invention include ^"styrenes;" ^such^ "aVstyrene, a-methylstyreh^ arid vinyltoluene, and (meth-)acryl acid alkyl 
esters. The (meth-)acryl acid alkyl esters includes methyl (meth-)acry late, ethyl (meth-) acrylate, propyl 
(meth-)acrylate, isopropyl (meth-)acrylate, n-butyl (meth-)acrylate, sec-butyl (meth-)acrylate, tert-butyl 
(meth-)acrylate, 2-methylbutyl (meth-)acryiate, 2-ethylbutyl (meth-)acrylate, 3-methylbutyi (meth-)acrylate, 
1,3-dimethylbutyl (meth-)acrylate, pentyl (meth-)acrylate, 3-pentyl (meth-)acrylate, hexyl (meth-)acrylate. 2- 
ethyl hexyl (meth-)acrylate, heptyl (meth-)acrylate, octyl (meth-) acrylate, nonyl (metri-)acrylate. 2-ethox- 
yethyl acrylate, 3-ethoxy I propyl acrylate. 2-ethoxybutyl acrylate, 3-ethoxybutyl acrylate, and 
dimethylaminoethyi acrylate. Ah alcohol ingredient for use in half-esterification includes methanol, ethanol, 
: and propanol. 

Polymerization ".of the dispersant in the present invention using such monomers can readily be 
performed by raidical copolymerization. 

The weight-average molecular weight of the polymer is preferably in the range of 500 to 30000, more 
preferably 1000 to 15000. 

Further, the content of the polymer is preferably in the range of 0.1 to 5 wt% with respect to the total 
ink weight. , ' 

It has been confirmed that the use of the polymer described above is highly effective in not only 
improving printing density and quality due to an agglomerating effect provided by the a, 0 - ethylenic 
unsaturated carboxy lie acid, but also in ensuring discharge stability, stability during storage for a long term, 
and prevention of ink left for a long time from solidifying at the fine nozzle end which are required for ink jet 
recording ink, due to an effect of the long-chain nonionic group containing monomer, i.e., an improvement 
in solubility and pH-stability. Additionally, it has also been confirmed that mixing the long-chain nonionic 
group containing monomer in the dispersant is also effective in improving printing density and quality. 

The water-soluble resin selected from the above group (b) and used as a dispersant in the present 
invention contains in a copolymer, a monomer having a hydrophobic part, i5 to 70 mol% of at least one 
monomer having the general structure represented by the formula (IV) or (V). Practically/examples of such 
a monomer include vinyl acetate, isopropenyl acetate, ally] acetate, allyl propionate, vinyl butyrate, ally! 
butyrate, etc. 

Other hydrophobic monomers for use in copolymerization include styrene, styrene derivatives, vinyl- 
naphthalene, vinylnaphthal ne derivatives, etc. 
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Polymerization of the d.spersant w 

The weight-average molecular of 0 , to 5 wt% with respect.to the total 

5 polymer is preferably m the ^nge in k weight. . alkali-soluble resins conven- 

5nge of 0.1 to 10 wt% w.th respect to th bimy and resolub.l.tyjhar '^ stabUrty 

9 Sin ce polyethyleneimme ^f^^ought to be very effective ^^fy^ at the fine nozzle 
tionally used as ^f^^p^ntton of ink left for »^^^7,irri that the use of 
during storage for » ^^1*^ recording ink. Converse^, ^ as described above. T^e 

Further, the inventors have toun : ; ^ 0= ^ least one polymer selected 

polyethyleneimine . ^ ^ 0 f the present ^ 

: The content of pigment in the erab ^ in the range of 1 to 20 v* p ig men t can be used m .the 
from the aboye-oroups-W * ^^l^S o^S is rSar><^d,by the 

£ total ink weight Satong^aboy of 15 ^ 40 nrn, a specific surface 

oresent invention. As carbon b ack as d has ^ primary .particle ; s.ze ; of ^ ^to q150 ml/10 0 g, a 

2200B (by Mitsubishi Chemical i"*ijwe • Black S170. Color B lacK^ ^ ^ be used. 

l5 Co ) and Color Black ^Manufactured for the .present invent' 2. C.I. 

15 Sussa, AG). Other : ca^lac^ ink ^ C.U Pi^entje^ow ^ Pg^ ^ 

Examples of a pigment for ' n . y Pigme nt Yellow 16. and CJ. ^ , p igme nt Red 12. C.I. 

ptgZt Yellow 3. -Q^^tSi w Pigment Red 5. CX Pigmen Red ^C... 

Moreover, the ink of the ab ove-described water-soluble res,n a jn ^ (nk jet 

lnorga „ic M» «L »U« acids. »° "^."S^d or dw** I" • 

-r„— ^^^^ 

; soluble solvent. Preferably used as above .de S cnbed 
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to 4 carbons such as methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec- 
butyl alcohol, and tert-butyl alcohol; amides such as dimethyl formamide and dimethyl acetoamide; ketones 
or ketone alcohols such as acetone and diacetone alcohol; ethers such as tetrahydrofuran and dioxane; 
polyalkylene glycols such as polyethylene glycol and polypropylene glycol; alkylene glycols with alkylene 

5 groups each containing 2 to 6 carbons, such as ethylene glycol, propylene glycol, butyiene glycol, 
triethylene glycol, 1, 2, 6-hexanetriol, thiodiglycol, hexylene glycol, and diethylene glycol;, glycerin; lower 
alkyl ethers of polyhydric alcohols, such as monomethyi(or ethyl) ether of ethylene glycol, methyl (or ethyl) 
ether of diethylene glycol, and monomethyl (or ethyl) ether of triethylene glycol ; N-methyl-2-pyrrolidone, 2- 
pyrrolidohe, and 1 ,3-dimethyl-2-imidazolidinone. Of these many water-soluble organic solvents, polyhydric 

70 alcohols such as diethylene glycol and lower alkyl ethers of polyhydric alcohols, such as monomethyl(or 
ethyl) ether of triethylene glycol, are preferable. 

To provide discharge stability, it is effective to add ethanol, isopropyl alcohol, or lower alkyl ethers of 
polyhydric alcohols. It is believed that air bubbles can more steadily be generated in the ink over a thin-film 
resistor by addition of such a solvent. 

75 A water-soluble solvent especially preferably combined with the dispersant (a) includes monoalkyl ether 

of diol and/or monoalkyl ether of trio] and/or dialkyl ether of triol (with an alkyl group having 4 or more 
carbons). Among them, monobutyl ether of diethylene glycol, monobutyl ether of ethylene glycol, mon- 
obutyl ether of triethylene glycol, monopentyl ether of glycerin, dihexy I ether of 1,2,6-hexane-triol, diethyl 
ether of 1 ,2,4-butanetriol, etc. The content of monoalkyl ether of diol and/or monoalkyl ether of triol and/or 

20 dialkyl ether of trio] (with an alkyl group having 4 or more carbons) is preferably in the range of 0.01 to 5 
wt% for the total ink weight from the standpoint of improving printing density, printing quality and deposit of 
" the ink; ' . ' : > : ' 1 * 

The content of the water-soluble organic solvent in the ink of the present invention is usually in the 
range of 3 to 50 wt%. preferably 3 to 40 wt%V for the total ink weight. The content of the water used is in 

25 the range of 10 to 90 wt%, preferably 30 to 80 wt%. for the total ink weight. < - 

In order for the ink ' to naive further desired physical properties, a surfactant, : a bubble retarder, an 
antiseptic, etc. can be added to the Mhk of the present invention, if necessary, in addition to the above- 
described ingredients^ Cbi^mercipy available w also be added. ■ 

So long as stability during storage and other required properties of the ink will not adversely be 

30 affected, no limitations exist on the' kind of surfactant used. There are, e.g., anionic surfactants such as fatty 
acid salts, ester sulfates of higher alcohols, ester sulfates of liquid fatty oil, and alkylallyl sulfonates; and 
npnionic surfactants such as: potyoxyethylene alkyl ethers, polyoxyethylene alkyl esters, polyox- 
yethy|enesorbitane alkyl esters, acetylene alcohol, and acetylene glycol. One or two surfactants properly 
selected from the ! above examples can be used. Depending oh the kind of dispersant, the amount of 

35 surfactant(s) used is preferably iri the range of 0.01 to 5 wt% for the total ink weight. In this connection, the - 
surfactant content is preferably selected so that the ink has a surface tension not less than 30 dyne/cm. The 
reason is that if the surface tension of the ink is less than the "above value, problems trouble such as 
printing deviation (i.e., shift in arrival point of the ink droplet) would be caused due to wetting at the nozzle 
end in the ink jet recording intended by the present invention. 

40 A second aspect of the present invention resides in water-based ink containing a pigment, a dispersant, : 
* a water-soluble organic solvent, and water, wherein the ink contains at least one water-solubie organic 
solvent selected from the group consisting of monoalkyl ether of diol, monoalkyl ether of triol and dialkyl 
ether of triol, and white inorganic fine particles. 

The white inorganic particles for use with the second aspect of the present invention are preferably 

45 titanium dioxide fine particles or alumina fine particles, but are not limited thereto. Any other fine particles 
may also be used so long as they can stably disperse together with the pigment used as a color material in 
the ink jet recording ink. While no special limitations exist on the particle shape, spherical particles are 
preferably used. Further, these particles may be surface-treated to become hydrophilic or hydrophobic. 
Among them, titanium dioxide particles whose surfaces are treated to be hydrophilic are especially 

50 preferable. These types of particles are on the market as. for example, the Titania series from Idemitsu 
Kosan Co., Ltd. Other types of titanium dioxide fine particles or alumina fine particles are on the market as, 
e.g., Titanium Dioxide P25 and Aluminum Oxide C from Nippon Aerosil Co., Ltd. 

The ratio of primary particle size of the white inorganic fine particles contained in the ink to primary 
particle size of the pigment contained together as a color material is preferably in the range of 1/10 to 5/1. If 

55 the ratio is out of that range, it would be hard to achieve the optimum ffect of the present invention, 
particularly with respect to a satisfactory result in printing quality and density. Considering the particle size 
of the pigment for use in the ink jet recording ink, the primary particle size of the white inorganic fine 
particles is in the range of 5 to 200 nm, but the range of 5 to 100 nm is preferable for sufficiently fulfilling 
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' en tion The content ra«o in weight * 

,he objects of the present '^^J^al is pre ferably in the range of 1 20 to ^ ^ - an<J densjty 
pigment used together as a ^.e P ^ ^ opV|mum d ^» ,n .P^J*^ d esull in 

weight is less than 1-20. .t would ^ a , would be hard to *^rn! °t to 1/2 ,8 ^ 

J the content ratio in we.ght «teJJ ^ ^ ^ stprage . The range 

. reliability such as <>b*cts <* *e P**"* ^^nt tor *e pigment, as a color mater*! 

preferable for opt.ma.ly fu^ng^ J ^ ^ used as a d.sr^ sg ^^P 9 jls we - ignt . a verage 

While any type of .^.J^J use wilh the second aspect .of,*? p esen^ ^ , 
and white inorganic fine P 3 ^ 63 .* 0 " range of 500 to 30000, more P***^YU q . salts thereof . these 
Secular weight is prefer ^^^ block copolymers or ra^ -^V-^ derWati ,es,; vinyl- 
,o examples of the ^^^1 more monomers selected f om sty^e V ^ unsatura t e d carboxyHc 
copolymers each .consisting oi W ° alipna t ic alcohol esters of «,£ ^ a rtaconlc acid 

" ^thalene. vinylnaphthalene , de^ aHp^ acid , ^leic used in.|nk 

aoS.. acrylic acid. ^f^J^S derivatives, etc. These '^^^o^s solution containing 
derivatives, tumaric ac.d. ^"^j^we resins wh.ch are soluble .nanq erse so , utlon 

JS jet recording ink. because they advantages of enabling lower vkcos- ty may ^ used, 

a base dissolved there.n and ^ a ^rnopolymer of a hydroph.l.c rnonomer or ^ a 

and easier dispersion. ^^jg^f^^^ J rosin and shellac 

Other water-soluble res.ns - formaldehyde. ^ d "^^"ethers and polyoxyethylene 

condensation product * "«*^^cW* such as po.yoxyethylen ^ y. e*e ^ t , e 

.. 1 ^otor«i mav be used. i ne couw above-described pigmeni, w 

resin can be used as a d-spereanj m ^ ^ ^ of ^ ^ 30000^^ copolymers, or salts 

unsaturated carboxyl-c ac.d, ac njc ^ fomaric ac.d de vm« ^ ^ ble 

Haconic acid. itacpnic ^^gorting ink. because they are ^^X ntages of enabling low 
particularly P^ erab,y ^S'^a base dissolved therein and ^ of a hydroph.l.c 

40 In an aqueous solution corW l*£ dispe r Si0 nV Alternatively a ^yl pvrr o.idone, polyvinyl 

TO, ink aceoreling lo eny °< J» a !' BWng at least a disperse , re °" ^ rarty ing out a proc** °< 
. pigm.nt to an a^« ^ Sspion msans ^^aL, .hat. » <** 

carry out pre-mixing for onto the pigment surface. , uble resin are preferably 

ammonia, or inorganic bases sue 
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On the other hand, any types of dispersers which are usually employed can be used in the present 
invention, and include, e.g., a ball mill, a roll mill and a sand mill. 

Among them, a high-speed sand mill is preferable and is commercially available as, e.g. , Super Mill, 
Sand Grinder, Beads Mill, Agitator Mill, Grain Mill, Dyno Mill, Pearl Mill and Cobol Mill (all trade names). 
5 For obtaining a disperse system of the pigment having the desired grain size distribution, the present 

invention employs a method of reducing the size of pulverizing media in a disperser, increasing the loading 
rate of the pulverizing media, prolonging the process time, slowing the discharge speed, or sorting the 
resultant grains through a filter or centrifugal separator after the pulverization. Any combinations of those 
methods can also be used. 

w A recording apparatus suitable to make recording with the ink of the present invention is arranged such 

that the ink in a chamber defined within a recording head is supplied with thermal energy corresponding to 
a recording signal, and an ink droplet is produced by the supplied energy. 

One example of the structure of the head, as a primary part, is shown in Figs. 1(a), 1(b) and 2. A head 
13 is constructed by bonding a glass, ceramic or plastic plate having a channel 14 through which ink is 

16 passed, and a heat generating head 15 for use in heat-sensitive recording (the figure showing a thin film 
head only by way of example) with each other. The heat generating head 15 comprises a protective film 1 6 
formed of, e.g!, silicon oxids, aluminum electrodes 17-1, 17-2, a heat-generating resistance material layer 
18 formed of, e.g., Nichrome, a heat accumulating layer 19, and a base plate 20 formed of, e.g., alumina 
and having a high heat radiating ability. 

20 Ink 21 is filled to reach a discharge orifice (fine hole) 22 and forms a meniscus 23 under a pressure P. 

When an electric signal is applied to the electrodes 1 7-1 and 1 7-2, a region of the heat generating head 
15 indicated by n abruptly generates heat so that an air bubble is produced in the ink 21 contacting the 
region n. The meniscus 23 is projected forwardly with a resultant pressure, causing the ink 21 terdischarge 
and fly in the form of recording droplets 24 from the orifice 22 toward a material 25 on which recording is to 

25 be made. Fig. 2 shows an appearance of a multi-head comprising a number bf heads, shown in Fig. 1(a), 
arranged side by side. The multi-head is constructed by bonding a glass plate 27 formed with multiple 
channels 26 and a heat generating head 28 similar to that described above by referring to Fig. 1(a)" with 
each other. 

. Incidentally Fig.. 1(a) is a sectional view of the head taken along an ink flow passage, and Fig. 1(b) is a 

30 sectional view taken along line 1(b)-1(b) in Fig. 1(a). : 

Fig. 3 shows one example of an ink jet recording apparatus in which the above-described head is 
incorporated. In Fig. 3, denoted by 61 is a blade as a wiping member in the form of a cantilever, of which 
one end is held by a blade holding member to become a fixed end. The biade 61 is disposed at a position 
, adjacent a recording area .covered by the recording head and, in the illustrated embodiment, it is held in 

35 such a manner as to project into the travel path of the recording head. 62 is a cap which is disposed at its 
home position adjacent the blade 61 and is movable in a direction perpendicular to the direction of 
movement of the recording head such that it comes into contact with the ink discharge surface for capping 
the same. 63 is an ink absorber which is disposed adjacent the blade 61 and is held in such a manner as to 
project into the travel path of the recording head similarly to" the blade 61. The blade 61, the cap 62 and the 

40 absorber 63 cooperatively construct a discharge recovery unit 64 in which the blade 61 and the absorber 63 
serve to remove moisture, dust, dirtl etc, on the ink discharge surface. 65 is a recording head which 
includes discharge energy generating means and discharges ink onto a material, on which recording is to 
be made and which is disposed facing the ink discharge surface including discharge ports arrayed therein, 
, for thereby recording an image. 66 is a carriage on which the recording head 65 is mounted to be 

45 reciprocally moved. The carriage 66 is slidably engaged with a guide shaft 67 and is also connected 
(though not shown) at its part to a belt 69 driven by a motor 68. With such an arrangement, the carriage 66 
is movable along the guide shaft 67 so that the recording head 65 can move over the recording area and an 
area adjacent thereto. 

Denoted by 51 is a paper feeding portion through which the recording material is inserted, and 52 is a 
so paper feeding roller driven by a motor (not shown). With such an arrangement, the recording material is fed 
to a position facing the ink discharge surface of the recording head, and is then guided to a paper 
discharging portion including paper discharging rolls 53 with the progress of recording. 

In the above arrangement, when the recording head 65 is returned to the home position upon the end of 
recording or other reason, the cap 62 of the head recovery unit 64 is retracted from the travel path of the 
55 recording head 65, but the blade 61 is held projected into the travel path. As a result, the ink discharge 
surface of the recording head 65 is wiped by the recording head 65. When the cap 62 is brought into 
contact with the ink discharge surface of the recording head 65 for capping the same, it is moved to project 
into the travel path of the recording head. 
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1 



h d 65 is moved from »e home po Si «on »»£^j£Z££. 
•When the recording head 65 is rnove ^ Mng tne aD0V e wiping 

62 Td the blade 61 are in ^J^ ^9 ^ "* ~~ ? 

therefore, the ink discharge surface , ot tn n adjacenl the recording durjng ^ 

^The movement of the of discharge, but a.so ^^^a an image. For 

only upon the end ol ^f^f^procaHy moved ^f*^^*^ is made. 

time in which the recording head is P ^ surface o the^ d.ng ^ an k 

each of such movements, *e w«wfl cartridge 45 containing ink supply w rubber -made plug 

6 p g . 4 shows one example of an .nkcart g ^ ^ ^ to ^ supplied and has a r ^ 4Q 

construction in wh,ch ^f^Uh the members are «^ jg££ ^ pre gnated with ink is housed 
applied to the construct* in which ^ ^ ink absorber imp g ^ ^ , 

J5 Referring to F,g. 5 ™*J««J ^ djscharged in the tam of «* ^ of tne cartndge 

The ink existing m the ink aos pnere communicating port via 



20 



25 



ine in* v ~ 

attached to the carriage 66. 

Examples • ' •••••• 

, mPr selected from the group (a) as dispersant 
Examples using a polymer selectea 

Example 1 ' 



30 



35 



(Polymerization Example 1) - p E . 200 were each put in a 

invention with number-average 



was obtained, 
reparation of Pigment Dispersed So.u«on) 



40 



45 



polymer 1 polymerized above 

monoethanolamine 
ion-exchanged water 
Methylene glycol 



3 parts 
1 part 

75 parts 
5 parts 



50 



pulverizing media; -^."J^ % (v0 lume) 

charging rate of pu.venz.ng med.a. f rtner carried out to remove coarse 

pulverizing time; 3 hours RpM> 20 minutes) was further carried 

particles, ther by preparing a d.sper 



55 
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(Preparation of ink) 



above disperse solution 


30 parts 


glycerol 


2 parts 


diethylene glycol 


15 parts 


N-methyl, pyrrolidone 


4 parts 


isopropyl alcohol 


3 parts 


ion-exchanged water 


. 46 parts 



For the ink thus prepared, later-described evaluations were conducted by using an ink jet recording 
apparatus BJ-10V (trade name, by Canon Inc.) with an on-demand type recording multi-head in which ink is 
discharged by applying thermal energy corresponding to a recording signal. 

75 ' ' " • • ' . : ■ ' ' • ; ' - ' ;v ■ 

Example 2 

(Polymerization Example 2) 

20 45 mol% of a - methylstyrene, 45 mol% of methacrylic acid, and 10 mol% of methoxytetraethylene 

glycol methacrylate (NK ester M-40G) were each put in a mixed solvent of ethylene glycol - mohomethyl 
ether and isopropyl alcohol, and then subjected to solution polymerization in accordance with the ordinary 
process. Thereby, a polymer 2 for use in the present invention with a number-average molecular weight of 
4900 and a weight-average molecular weight of 8800 was obtained. 

25 

(Preparation of Pigment Dispersed Solution) 



. polymer 2 polymerized above 


3.5 parts 


aminornethyl propanol 


0.5 part 


ion-exchanged water 


. 78 parts 


diethylene glycol 


5 parts 



35 The above ingredients were mixed and heated to 50 • C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution was 13 parts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd.), followed by pre-mixing for 30 minutes. After that, the dispersion process was carried out 
under the conditions below: 

dispersion machine; Pearl Mill (Ashizawa Co. , Ltd.) 
40 pulverizing media; glass beads of 1 mm diameter 

charging rate of pulverizing media; 50 % (volume) 

delivery rate; 100 ml/minute 
The centrifugal ^separation process (12000 RPM, 20 minutes) was further carried out to remove coarse 
particles, thereby preparing a disperse solution. 

45 

(Preparation of Ink) 



above disperse solution 


25 parts 


glycerol 


8 parts 


ethylene glycol 


5 parts 


ethanol 


5 parts 


Emulgen 920 (by Kao Co., Ltd.) 


0.1 part 


ion-exchanged water 


56.9 parts 



For the ink thus prepared, later-described evaluations were conducted using the ink jet recording apparatus 
with an on-demand type recording multi-head in which ink is discharged by applying thermal energy 
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corresponding to a recording signal. 

Example 3 

5 (Polymerization Example 3) 

52 mol% of methyl methacrylate, 8 mol% of phenoxypolyethylene glycol acrylate (NK ester AMP-60G), 
and 40 mol% of acrylic acid were each put in a mixed solvent of ethylene glycol - monomethyl ether and 
butyl alcohol, and then subjected to solution polymerization in accordance with the ordinary process. 
io Thereby, a polymer 3 for use in the present invention with a number-average molecular weight of 7600 and 
a weight-average molecular weight of 12500 was obtained. 

(Preparation of Pigment Dispersed Solution) 

15 . •' • 



polymer 3 polymerized above 


1 .5 parts 


ion-exchanged water 


77.5 parts 


ethylene glycol * 


5 parts 



20 

The above ingredients were mixed and heated to 70 ° C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 15 parts of new experimentally manufactured carbon black 
(S170 by Degussa AG) and 1 part of isopropyl alcohol, followed by pre-mixing for 60 minutes. After that, the 
dispersion process was carried out under the conditions below: 
25> ; dispersion machine; Sand Grinder (Igarashi Machine Co.^ 
pulverizing media;, zirconium beads of 0.5 m 
. charging rate of pulverizing media; 70 % ^ 
pulverizing time; 10 hours 

The centrifugal separation process (12000 RPM, 20 minutes) was further carried but to remove coarse 
30 particles, thereby preparing a disperse solution. 

(Preparation of Ink) 



35 


above disperse solution 


30 parts 




glycerol 


1 2 parts 




diethylene glycol 


1 5 parts 




2-pyrrolidone 


5 parts 


40. ? , 


isopropyl alcohol 


3 parts . 


Surfynol 61 (by Kawaken Fine Chemical Co., Ltd.) 


0.1 part 




ion-exchanged water 


34.9 parts 



For the ink thus prepared, later-described evaluations were conducted using the ink jet recording apparatus 
45 with an on-demand type recording multi-head in which ink is discharged by applying thermal energy 
corresponding to a recording signal. 

Example 4 

50 (Polymerization Example 4) 

55 mol% of a - methylstyrene, 35 mol% of acrylic acid, and 10 mol% of an experimentally 
manufactured monomer CH 2 = CH - COO - (CH 2 CH 2 0)24H were each put in a mixed solvent of ethylene 
glycol - monomethyl ether and isopropyl alcohol, and then subjected to solution polymerization in 
55 accordance with the ordinary process. Thereby, a polymer 4 for use in the present invention with a number- 
average molecular weight of 6800 and a weight-average molecular weight of 10200 was obtained. 
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(Preparation of Pigment Dispersed Solution and Ink) 

1 A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
same manner as Example 1 except that the dispersion resin was replaced by the polymer 4 polymerized 
s above in the preparation of both the pigment dispersed solution and the ink in Example 1. 

Examples J " 

(Polymerization Example 5) 

10 . ■ ... ." ' '• " 

48 mol% of styrene, 45 mol% of methacrylic acid, and 7 mol% of an experimentally manufactured 
monomer CH 2 = CH - COO - (CH 2 CH 2 0)io - phenyl - <CH 2 ), 6 H were each put in a mixed solvent of 
ethylene glycol - monomethyl ether and isopropyl alcohol, and then subjected to solution polymerization in 
accordance with the ordinary process. Thereby, a polymer 5 for use in the present invention with a nurnber- 

75 average molecular weight of 6400 and a weight-average molecular weight of 9200 was obtained. 

(Preparation of Pigment Dispersed Solution and Ink) 

A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
20 same manner as Example 2 except that the dispersion resin was replaced by the polymer 5 polymerized 
above in the preparation of both the pigment dispersed solution and the ink in Example 2. 

Comparative Example 1 V 

25 A pigment dispersed solution and ink were prepared ancJ subjected to the printing test exactly in the 
same manner as Example 1 except that the dispersion resin Was replaced by a styrene - acrylic acid - butyl 
acrylate random copolymer (manufactured on experimental basis, acid value 135, weight-average molecular 
weight 5500) in Example 1. 

30 Comparative Example 2 

A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
same manner as Example 2 except that the dispersion resin was replaced by a styrene - maleic acid 
random copolymer SMA Resin 1440 (trade name, by ARCO Chem. Co., acid value 175, weight-average 
35 molecular weight 2500) in Example 2. 

Comparative Example 3 

A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
40 same manner as Example 3 except that the dispersion resin was replaced by condensed sodium 
naphthalene sulfonate Roma D (trade name, by Sunnppuco Co., weight-average molecular weight 1800) in 
Example 3. 

Evaluation 1 

45 

Printing density of prints 

Printing was made on copying paper of Xerox 4024 and Canon NP-DRY by using the above-described 
ink jet recording apparatus, and printing density of the prints was measured by Macbeth densitometer 
50 (TR918). 

Evaluation 2 

Printing was continuously made by using the above-described ink jet recording apparatus to check at 
55 which number sheet non-discharge of the ink occurred. 
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Evaluation 3 

Stability during storage of ink ^ at 6 0 ' C for six months. 

The above-prepared acueous ^ * ^ " 

The ink which caused P-b^s such as ^agglc^ ^ ^ ^ marked a 

^ storage period ^'^^^ 1 below. 
The evaluation results are usieu 

Table 1 



75 



20 



Evaluatio n Results 

. "7 I Filiation 2 Number of sheets 

Evaluation 1 Printing Dens,ty | Eval ^^ 



25 



Ex ample 1 
Example 2 
Example 3 
Exa mple 4 
Exam ple 5 
Com. Ex.1 
Com. Ex.2 
Com. Ex.3 



Xerox4024 
1.31 
1.29 
1,35 
1.31 
1.33 
1.1 

1.09; 

0.98 ; 



NP-DRY 
1.45 
1.42 



n o occurrence for SOOsh eets 
no occurr^ncefo^^ 



Evaluation 3 Stability 
during storage 



1.48 
1.44 
1.43 
1.32 

-1.29 
1.24 



nn occurrence for 500 sheets 
n o occurrence for SOOs heet^ 
no occurrence for SOOsh eets 
no occurre nce for 500 sheets 
200 sheets 
150 sheets ^ 



30 



as during long-term storage. 

Example 6 - v.h*t the ink ingredients in Example 1 

red in the same manner as in Examp.e 1 except that the mk ,ng 

Ink was prepared in tne sdino 

40 were replaced by the following ones. 

(Preparation of Ink) 



45 



50 



disperse solution used in Example 1 
diethylene glycol -monobutyl ether 

glycerol 

diethylene glycol 
N-methylpyrroiidone 
ion-exchanged water 



30 parts 
0.5 part 
2 parts 
15 parts 
4 parts 
48.5 parts 



55 



15 
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Example 7 

Ink was prepared in the same manner as in Example 2 except that the ink ingredients in Example 2 
were replaced by the following ones. 

(Preparation of Ink) 



disperse solution used in Example 2 


25 


parts 


ethylene glycol - monobutyl ether 


1 


part 


glycerol 


8 


parts 


ethylene glycol 


5 


parts 


ion-exchanged water 


61 


parts 



The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with aminomethyl 
propanol, thereby obtaining the ink of the present invention. 

Example 8 

Ink was prepared in the same manner as in Example 3 except that the ink ingredients in Example 3 
were replaced by the following ones. . 

(Preparation of Ink). _ ? . ; J - 



disperse solution used in Example 3 


30 parts 


triethylene glycol - monobutyl ether 


0.8 part 


glycerol 


"12 parts 


diethylene glycol , ... 


15 parts 


. 2-pyrrolidone . . 


5 parts 


, ion-exchanged water 


37.2 parts 



Example 9 

(Preparation of Pigment Dispersed Solution and Ink) 

A pigment dispersed solution and ink were prepared exactly in the same manner as in Example 6 
except that the dispersion resin was replaced by the polymer 4 polymerized above in the preparation of 
both the pigment dispersed solution and the ink in Example 6. 

Example 10 

(Preparation of Pigment Dispersed Solution and Ink) 

A pigment dispersed solution and ink were prepared exactly in the same manner as in Example 7 
except that the dispersion resin was replaced by the polymer 5 polymerized above in the preparation of 
both the pigment dispersed solution and the ink in Example 7. 

Comparative Example 4 

A pigment dispersed solution and ink were prepared exactly in the same manner as in Example 7 
except that the dispersion resin was replaced by a styrene - maleic acid random copolymer SMA Resin 
1440 (trade name, by ARCO chem. Co., acid value 175, weight-average molecular weight 2500) in Example 
7. 
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Comparative Example 5 

A pigment dispersed solution and ink were prepared exactly in the same manner as in Example 8 
except that the dispersion resin was replaced by condensed sodium naphthalene sulfonate Roma D (trade 
name, by Sunnopuco Co., weight-average molecular weight 1800) in Example 8, and triethylene glycol - 
monobutyl ether was not added and replaced by ion-exchanged water during preparation of the ink. 

Evaluation 

The following tests were conducted by loading the ink thus prepared in an ink jet recording apparatus 
BJ-10V (trade name, by Canon Inc.) with an on-demand type recording multi-head in which a recording 
liquid is discharged by applying thermal energy corresponding to a recording signal. 

Evaluation 1 

Discharge stability of ink 

Discharge stability of the ink was evaluated and marked to be any one of three ranks below by using 
the above ink jet recording apparatus: 
O : good 

A : some t»arts disappear in solid printing area 

X : almost no discharge 1 " ■ 

Evaluation. 2' " •"' " v "' '-■ - ! % ■ •-- ' V! " ; '- : -- ' "' '-'^ \> 

Printing density of prints 

Printing was made on copying paper of Xerox 4024 and Canon NP-DRY by using the above ink jet 
recording apparatus, and printing density of the prints was measured by Macbeth densitometer (TR918). 

Evaluation 3 

Quality evaluation of prints 

Unevenness in printing density and sharpness of character edges of the prints were visually evaluated 
and marked to be any one of three ranks below: 

O : evenness in solid printing area was high and character edges were sharp 

A : character edges were sharp, but unevenness was found in solid printing area 

X : character edges were blurred and unevenness in solid printing area was significant 

The evaluation results are listed in Table 2 below. 
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70 



75 



25 



30 




P ri n^S~^ ^r^^Wf^ -ea^ea to an 
d.scharged for a long period of time even uni^o^^.^'^-^ m.^ys stab.y be 
quality and density are obtained on any type ^ X Da ^ S'" 9 C ° nditions - and «ctory printing 
during long-term storage. W P Paper while ensunng high reHabllrly ,^, jslab|n^ 

Examp.es using polymer selected from the group (b) asdispersan, 
Example 1 1 >. \ '"/V" ' '-'"'^ 

(Manufacture of Ink) 

(Preparation of Pigment Dispersed Solution) 



35 



40 



™mtWan*r ™" ih, -'"'° a »» "»•»■'»- 8800) 

ion-exchanged water 
diethylene glycol 



1.5 parts 



The above ingredients were mixed and heated to 7n -r- • 

the , resin ingredient. Added to this solution w^e U parts of nL* 7*" t0 C ° mptete * diss °'- 

45 (MCF 88 by Mitsubishi Chemical Industry S LU orim " e * per ! mental| y manufactured carbon black 
alcohol, followed by pre-mixing for 30 minutes Afteriha The d?T S ' 2e 18 1 part of iso P ro PV' 

same conditions as in Example 1. Further, the cen£ C^^ZT 0 '"7" ^ C " ntod ° Uf Under the 
earned out to remove coarse particles, thereby ^ W 20 ™ U,6S > «« 



50 



55 
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(Preparation of Ink) 





above disperse solution 


30 parts 


5 


glycerol 


2 parts 




diethylene glycol 


1 5 parts 




N-methyl pyrrolidone 


5 parts 




isopropyl alcohol ; ; 


, 3 parts 


10 


Emulbon T-83 (organic boron-base surfactant, by Toho Chemicals Ca, Ltd.) 


0.5, part 


ion-exchanged water 


44.5 parfs r 



The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with 
monoethanolamine. The ink thus prepared was tested for later-described evaluation items by using an ink 
75 jet recording apparatus with an on-demand type recording multi-head in which ink is discharged by, 
applying thermal energy corresponding to a recording signal. 

- Example 12 ; 
20 (Manufacture of Ink) 

(Preparation of Pigment Dispersed Solution) 



styrene - maleic acid - ally) acetate copolymer (initial mol ratio in polymerization; ; 


3 parts 


.50:42:8, acid value 210, weight-average molecular weight 11000) , .... ^ , ( . 




aminomethy I propanol , 


2 parts 


ion-exchanged water . : i 


75 parts 


diethylene glycol ■•; ; ..v.O rs\>: -.■>>•: ' ^.>>>-l ->vc>- ><:i) h'- ;fv,i^"v ^- 


5 parts 



The above ingredients were mixed and heated to 70 *C using a wafer bath in order to completely dissolve 
the resin ingredient. Added to this solution was 15 parts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd,, primary grain size 18 nm), followed by pre-mixing for 30 minutes. After that, the 
35 -dispersion process was carried out under the same conditions as in Example 2. Further, the centrifugal 
separation process (12000 RPM, 20 minutes) was carried out to remove coarse particles, thereby preparing 
a disperse solution. 

(Preparation of Ink) 

40 



above disperse solution 


25 parts 


glycerol 


8 parts 


ethylene glycol 


5 parts 


ethanot 


5 parts 


ion-exchanged water 


57 parts 



The above ingredients were mixed and adjusted in pH value to fall in the range of S to 10 with aminomethyl 
so propanol, thereby obtaining ink. 

The ink thus prepared was tested for later-described evaluation items by using the ink jet recording 
apparatus with an on-demand type recording multi-head in which ink is discharged by applying thermal 
energy corresponding to a recording signal. 
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Example 13 
(Manufacture of Ink) 
s (Preparation of Pigment Dispersed Solution) 



10 



15 



SO 




The above ingredients were mixed and heated to 70 T , . .. . 
the resin ingredient. Added to this : sofctio^na ° t0 com Ptetely dissolve 
(S170 by Degussa AG, primary grain size 17 nm) and^ JtT- expen 7 ente,, y manufactured carbon black 
60 minutes. After that, the dta^^^^J^,*^ a,COho '' 'o.lowed by : pre-mixing for 
Further, the centrifugal separation process (120M RPM 20 Z f . ^ Sam ° C ° nditi ° nS 35 in ^P' 6 3 " 
particles, thereby preparing a disperse solution '"^ W * S Ca " ied out to remove coarse 

(Preparation of Ink) 



25 



30 



35 



40 



45 



at^ye disperse solution 

gifcerof ■■■■■ " : - ; --v. .. ..., ; v : . , ; ^V': f 

diethylene glyboF 0f ^ . : V 

2-pyrrolidone 

isopropyl alcohol 

AcetylenoLEH (by Kawaken Fine Chemical Co.. Ltd ) 
ion-exchanged water 



30 parts 
12 parts: 
15 parts 
5 parts 
3 parts 
0.3 part 
34.7 parts 



so 



^o^ZS 6ntS W6remiSCed a0d adjUSted '» PK valued fa,, in the range of 8 to 10 with 

aPp£^^^ b V -sing tHe ink jet reco ^ ing 

energy corresponding to a recording sJnaL " Wh ' Ch "*' is disct *'9ed by applying thermal 

Example 14 

by ^IZ^oTSr £^ except that carbon b,ack was repfcced 

apparatus with an on^emmrttype^SS^?^^ * 7 * U-nB the ink J0t recordin 9 

energy corresponding to a reco.S S ^ ' * diSChaf9ed by applyin 9 therma ' 

Example 15 

by ^T^ ^ 12 ^t carbon black was replaced 

apparatus with an on-demand I type ^eSdino m.wtthl J ™* teSted by usin 9 the ink Jet recording 
energy corresponding to a record^ ^ d,n9 mu,t '- head « wh.ch ink is discharged by applying thermal 

ExaCes 7£T ^ "'^ ^ 3 * to * ™ evaluation items are the same as those used in 
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Table 3 



Evaluation Results 




Evaluation 1 Printing Density 


Evaluation 2 Number of sheets 
at non-discharge 


Evaluation 3 Stability 
during storage 


Xerox4024 


NP-DRY 


Example 11 


1.23 


1.32 


no occurrence for 500 sheets 


O 


Example 12 


1.24 


1.31 


no occurrence for 500 sheets 




Example 13 


1.27 


1.35 


no occurrence for 500 sheets 


o 


Example 14 


1.25 


1.33 


no occurrence for 500 sheets 


O , - .: . 


Example 15 


1.24 


1.32 


no occurrence for 500 sheets 


o : " . 



10 



15 



20 



25 



30 



: As described hereinabove, the ink of the present invention has advantages, when applied to an ink jet 
printer utilizing thermal energy, such that printed images have good durability, the ink can always be stably 
discharged for a long period of time even under variations in driving conditions, and satisfactory printing 
quality and density are obtained on any types of plain paper while ensuring high reliability and stability 
during long-term storage. 

Examples using polyethyleneimine a$ dispersant 

Example 16 . . .... r . 

(Manufacture of Ink) 

(Preparation of Pigment Dispersed Solution) 



35 



polyethyleneimine (Epomin SP-200, by Nippon Shokubai Co., Ltd., Mw 10000) 
ion-exchanged water 

diethylene glycol 



4 parts 
80 parts 

5 parts 



40 



The above ingredients were mixed and heated to 70 °C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 10 parts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd, primary grain size 18 nm) and 1 part of isopropyl alcohol, followed by pre-mixing for 30 
minutes. After that, the dispersion process was carried out under the same conditions as in Example 1. 
Further, the centrifugal separation process RPM, 20 minutes) was carried out to remove coarse 

particles, thereby preparing a disperse solution. 



45 



(Preparation of Ink) 



above disperse solution 


30 parts 


glycerol 


5 parts 


diethylene glycol 


10 parts 


N-methyl pyrrolidone 


5 parts 


isopropyl alcohol 


3 parts 


ion-exchanged water 


47 parts 



The ink thus prepared was tested by using an ink jet recording apparatus with an on-demand type 
recording multi-head in which ink is discharged by applying thermal energy corresponding to a recording 
signal. 
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Example 17 
(Manufacture of Ink) 

(Preparation of Pigment Dispersed Solution) 



poiyethyleneimine (Epomin SP-300, by Nippon Shokubai Co., Ltd.. Mw 30000) 


5 parts 




ion-exchahged water 


75 parts 




diethylene glycol 


5 parts 





The above ingredients were mixed and heated to 70 • C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution was 15 parts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd., primary grain size 18 nm), followed by pre-mixing for 30 minutes. After that; the 
dispersion process was carried out under the same conditions as in Example 2. Further, the centrifugal 
separation process (12000 RPM, 20 minutes) was carried out to remove coarse particles, .hereby preparing 
a disperse solution. • . - - 

(Preparation of Ink) ; 



above disperse solution 


25 


parts 


glycerol 


8 


parts 


ethylene glycol 


5 


parts 


ethanol 


5 


parts 


ion-exchanged water 


57 


parts 



The ink thus prepared was tested by using the ink jet recording apparatus with an on-demand type 
recording multi-head in which ink is discharged by applying thermal energy corresponding to a recording 
signal. 

Example 18 

(Manufacture of Ink) 

(Preparation of Pigment Dispersed Solution) 

poiyethyleneimine (Epomin SP-U12, by Nippon Shokubai Co., Ltd., Mw 12000) 5 parts 
ion-exchanged water 78 parts 

ethylene glycol , . ■ 5 P arts 

The above ingredients were mixed and heated to 70 *C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 1 1 parts of new experimentally manufactured carbon black 
(S170 by Degussa AG. primary gran size 17 nm) and 1 part of isoprppyl alcohol, followed by pre-mixing for 
60 minutes. After that, the dispersion process was carried out under the same conditions as in Example 3. 
Further, the centrifugal separation process (12000 RPM, 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. 
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(Preparation of Ink) 



above disperse solution 


30 parts 


glycerol 


12 parts 


diethyiene glycol 


15 parts 


2-pyrrolidone 


5 parts 


isopropyl alcohol 


3 parts 


Acetylenol EH (by Kawaken Fine Chemical Co., Ltd.) 


0.3 part 


ion-exchanged water 


34.7 parts 



The ink thus prepared was tested by using the ink jet recording apparatus with an on-demand type 
recording multi-head in which ink is discharged by applying thermal energy corresponding to a recording 
75 signal. 

Example 19 

Ink was prepared exactly in the same manner as in Example 16 except that carbon black was replaced 
20 by Mogul L (by Cabot Co., primary grain si2e 24 nm), and was tested by using the ink jet recording 
apparatus with an on-demand type recording multi-head in which ink is discharged by applying thermal 
energy corresponding to a recording signal. 

Example 20 

25 •' ■ -■- - ^ — . _ 

Ink was prepared exactly in the same manner as m Example 17 except that carbon black was replaced 
by '"'Mogul L (by Cabot Co.. primary grain size 24. nm). and was Jested by using the ink jet recording 
i apparatus with an on-demand type recording multi-head in which ink is discharged by applying thermal 
-...energy corresponding to a recording signal, ^^i;^!.:^;*;^;^^^^ ; ! ; " ^; 

" Gomparatiye~Exampie 6 - - - — 

j r= A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
i same manner as in Example 16 except that the dispersion resin was replaced by a styrene - acrylic acid - 
35' . butyl achate random copolymer (acid value 135, weight-average molecular weight 5500) in Example 16. 

Comparative Example 7 

: , A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
40 same manner as in Example 17 except that the dispersion resin was replaced by a styrene - maleic. acid 
/ random copolymer SMA Resin 1440 (trade name, by ARCO chem. Co., acid value 175, weight-average 
molecuiar weight 2500) in Example 17. ~ 

Comparative Example 8 

45 

A pigment dispersed solution and ink were prepared and subjected to the printing test exactly in the 
same manner as in Example 18 except that the dispersion resin was replaced by condensed sodium 
naphthalene sulfonate Roma D (trade name, by Sunnopuco Co., weight-average molecular weight 1800) in 
Example 18; 

50 "' 

Evaluation 1 " 
Printing density of prints 

55 Printing was made on copying paper Xerox 4024. copying pap r Canon NP-DRY, FOX RIVER: PLOVER 

BOND paper, and Kokuyo report paper by using the above-described ink jet recording apparatus, and 
printing density of the prints was measured by Macbeth densitometer (TR918). 
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Evaluation 2 

Printing was continuously made by using the above-described ink jet recording apparatus to check at 
which number sheet non-discharge of the ink occurred. 

5 

Evaluation 3 

Stability during storage, of ink 

10 The above-prepared water-based ink was enclosed in a glass container and stored at 60 ° C for six 
months. The ink which caused problems such as agglomeration of pigment particles and increase in. 
viscosity after the storage period was marked X, and the ink which caused no problems was marked O. 

Evaluation 4 

is • 
Wiping resistance of prints 

The above-prepared water-based ink was wiped with a finger 5 minutes after the printing. The ink with 
which the finger was not stained was marked O, the ink with which the finger was a little stained was 
20 marked A, and the ink with which the finger was thickly stained was marked X. 

The evaluation results are listed in Tatble 4 below. ; V 



Table 4 



25, 



: :- ;- ; ;o >u <-.h*o ■. ;•, r/sj \ > . , Evaluation Results •.. .. _ >; , .. , . , . 




' " ' Eyaluatibh ~ 


'■ . ' - -2- 


3 


4 


Xerox 4024 


NP-DRY 


Plover Bond 


Kokuyo report 


Ex. 16 


1.22 


1.27 


1.27 


1.3 


no occurrence for 500 sheets 


O 


O 


Ex.17 


1 .24 


1.25 


1.28 


1.31 


no occurrence for 500 sheets 


O 


o 


Ex.18 


1.25 


1.27 ; 


1.29 


1.29 


no occurrence for 500 sheets 


O 


0 


Ex. 19 


1.25 v 


1-26 : 


1.28 ... 


1 .27 


no occurrence for 500 sheets 


O 


0 


Ex. 20 


1.22 


1.28 


1.26 


1.27 


no occurrence for 500 sheets 


O 


0 


Com. Ex. 6 


1.1 


1.32 


1.21 


1 .24 


no occurrence for 500 sheets 


X 


X 


Com. Ex. 7 


109 


1^9 


•" ' : 1.2 


• 1.21 • 


200 sheets 


X 


X 


Com. Ex. 8 


0.98 


1.24 


1.14 


.... 1 .24 


150 sheets 


O 


A 


2: Evaluation 2 Number of sheets at non-discharge 1 ( 
3: Evaluation 3 : Stability during storage 
4: Evaluation 4 Wiping resistance 



45 

As described hereinabove, the ink of the present invention has advantages, when applied to an ink jet 
printer utilizing thermal energy, such that printed images have good durability, the, ink can always be stably 
discharged for a long period of time even under variations in driving conditions, and satisfactory printing 
quality and density are obtained on any types of plain paper and superior wiping resistance of prints is 
50 provided while ensuring high reliability and stability during long-term storage. 
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[Examples using white inorganic fine particles] 
Example 21 

5 (Preparation of Pigment Dispersed Solution) 



styrene - acrylic acid - butyl aery late copolymer (acid 


1 .5 parts 


value 116, weight-average molecular weight 3700) ~ 




monoethanolamine 


1 part 


ion-exchanged water 


79 parts 


diethylene glycol 


, 5 parts 



js The above ingredients were mixed and heated to 70 • C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 10 parts of new experimentally manufactured carbon black 
(MCF 88 by Mitsubishi Chemical Industry Co.. Ltd., primary grain size 18 nm), 2.5 parts of surface-treated 
titanium dioxide (DS-4 by Idemitsu Kosan Co., Ltd., primary grain size 17 nm), and i part of isopropyl 
alcohol, followed by pre-mixing for 30 minutes. After that, the dispersion process was carried out under the 

20 same conditions as in Example 1 . 

Further, the centrifugal separation process (12000 RPM, 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. , . 

(Preparation of Ink) 

25 



above disperse solution . 


30 parts, 


diethylene glycol - monobuty I ether J 


V 0.5 partq 


glycerol 


2 parts 


diethylene glycol 


15 parts 


N-methyl pyrrolidone 


5 parts 


ion-exchanged water 


47.5 parts 



35 The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with 
monoethanolamine, thereby obtaining the ink of the present invention. 

Example 22 ! . 

40 (Preparation of Pigment Dispersed Solution) 



styrene - maleic acid half ester copolymer (acid value 


4 parts 


200, weight-average molecular weight 12000) 




aminomethyl propanol 


2, parts 


ion-exchanged water 


71 parts 


diethylene glycol 


5 parts 



so The above ingredients were mixed and heated to 70 ° C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 15 parts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd., primary grain size 18 nm) and 3 parts of surface-treated titanium dioxide (DS-4 by 
Idemitsu Kosan Co., Ltd., primary grain size 17 nm), followed by pre-mixing for 30 minutes. After that, the 
dispersion process was carried out under the same conditions as in Example 2. 

55 Further, the centrifugal separation process (12000 RPM. 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. 



25 



EP 0 622 429 A2 



75 



20 



30 



(Preparation of Ink) 



above disperse solution 


20 parts 


ethylene glycol - monobutyl ether 


1 part 


glycerol 


8 parts 


ethylene glycol 


5 parts 


ion-exchanged water 


66 parts 



10 ... 

The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with aminomethyl 
propanol, thereby obtaining ink. t 

Example 23 

Ink was prepared exactly in the same manner as in Example 21 except that carbon black was replaced 
by Mogul L (by Cabot Co., primary grain size 24 nm). 

Example 24 

Ink was prepared exactly in the same manner as in Example 21 except that surface-treated titanium 
dioxide (IT-PC by Idemitsu Kosan Co.. Ltd., primary grain size 60 nm) was used as the white inorganic fine 
particles. 

25 Example 25 

Ink was prepared exactly, inUhe same manner as in Example 21 except that alumina fine particles 
(Aluminum Oxide C by Nippon Aerosi| Ck);, Ltd.. primary grain size 13 nm) was used as the white inorganic 
fine particles. . 



Example 26 

(Preparation of Pigment Dispersed Solution) 



35 



40 



45 



Roma D (by Sunnopuco Co.. sodium naphthalene sulfonate) 
ion-exchanged water 
ethylene glycol 



1 .5 parts 
79.5 parts 
5 parts 



The above ingredients were mixed and heated to 70 * C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 11 parts of new experimentally manufactured carbon black 
(S170 by Degussa AG, primary grain size; 17 nm), 2 parts of surface-treated titanium dioxide (DS-4 by 
Idemitsu Kosan Co., Ltd., primary grain size 17 nm) and 1 part of isopropyl alcohol, followed by pre-mixing 
for 60 minutes. After that, the dispersion process was carried out under. the same conditions as in Example 
3. 

Further, the centrifugal separation process (12000 RPM. 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. 



50. 



55 
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(Preparation of Ink) 



above disperse solution 


30 parts 


triethylene glycol - monobutyl ether 


0.5 part 


glycerol 


12 parts 


diethylene glycol 


15 parts 


2-pyrrolidone 


5 parts 


ion-exchanged water 


37;5 parts 



The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with 
monoethanolamine, thereby obtaining ink. 

Reference Example 1 

Ink was prepared in the same manner as in Example 21 except that diethylene glycol - monobutyl ether 
was not added and replaced by ion-exchanged water in the preparation of the ink in Example 21 r 

Reference Example 2 

Ink was prepared in the same manner as in Example 22 except that the white inorganic fine particles 
were not added and replaced by ion-exchanged water in the preparation of the pigment dispersed solution 
in Example 22. , . . , . ' . . ! : 

Reference Example 3 y j -~ • - : . 

Ink was prepared in the same manner as in Example 23; except that diethylene glycol - monobutyl ether 
was hot added arid replaced by ion-exchanged water in the preparation of the ink in Example 23 1 

Reference Example 4 

Ink was prepared in the same manner as in Example 26 except that the white inorganic fine particles 
were not added and replaced by ion-exchanged water in the preparation of pigment dispersed solution in 
Example 26. 

Reference Example 5 

Ink was prepared in the same manner as in Example 21 except that 2.5 parts, in terms of solid, of 
methyl polymethacry late-base fine particles ME1000cf (by Soken Chemicals, Co., Ltd.. primary grain size 
450 nm, dispersed in water) was added in place of the white inorganic fine particles in the preparation of 
pigment dispersed solution in Example 21. 
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Evaluation 

Evaluation was made similarly to Examples 6 to 10. The evaluation results are listed in Table 5 below. 

Table 5 



Evaluation Results 




Evaluation 1 
Discharge Stability 


Evaluation 2. Printing Density 


Evaluation 3 
Printing quality 


Xerox4024 


NP-DRY 


Example 21 


O 


1.35 


1.47 


O 


Example 22 


0 


1.35 


1.45 


O 


Example 23 


0 


1.38 


1.52 


O 


Example 24 


.-.0.. ■ , 


1.33 


, : 1.42 


O 


Example 25 


O " 


1.32 


1 .39 


O 


Example 26 


0 


1.30 


1.35 


O 


Ref. Ex! f 


: . ,v '" : -' A • • * 


1.28 


1 38 


. - • A y. , ; •; 


Ref. Ex. 2 


0 


1 12 


1.25 


'' 6 ,; ; v -. 


Ref. Ex. 3 


A 


1.30 


1.42 


A 


Ref. Ex. 4 


o 


0.95 


1-13. 




Ref. Ex. 5 Vi J 




: - 1.15 


1.29 : > - 





Examples using rosin-denatu rated maieic acid as dispersant 

Example 27 , - 

(Preparation of Pigment Dispersed Solution) 





Malkyd No. 32 (by Arakawa Chemicals Co., Ltd:) 


1.5 parts 




monoethanolamine : 


1 part 




ibh-exchanged water 


81.5 parts 




diethylene glycol 


5 parts 



45 



50 



The above ingredients were mixed and heated to 70 °C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution were 10 parts of new experimentally manufactured carbon black 
(MCF 88 by Mitsubishi Chemical Industry Co., Ltd., primary grain size 18 nm) and 1 part of isopropyl 
alcohol, followed by pre-mixing for 30 minutes. After that, the dispersion process was carried out under the 
same conditions as in Example 1 . 

Further, the centrifugal separation process (12000 RPM t 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. 



55 
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(Preparation of Ink) 



above disperse solution 


30 parts 


diethylene glycol - monobutyl ether 


0.5 part 


glycerol 


2 parts 


diethylene. glycol 


15 parts 


N-methyl pyrroljdone 


5 parts 


isopropyl alcohol 


3 parts 


Emulbon T-83 (organic boron-base surfactant, by Toho Chemicals Co., Ltd.) 


0.5 part 


ion-exchanged water 


44.5 parts 



The above ingredients were mixed and adjusted in pH value to fall in the range of 8 to 10 with 
monoethanolamine, thereby obtaining the ink of the present invention. 

Example 28 

(Preparation of Pigmient Dispersed Solution) 



Hiparac C (by Nippon Shellac Co., Ltd.) 


1 part 


arninomethyl propanol 


2 parts 


ion-exchanged water 


77 parts 


diethylene (glycol 


5 parts 



The above ingredients were mixed and "heated to 70 *C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution was 15 p^rts of carbon black (MCF 88 by Mitsubishi Chemical 
Industry Co., Ltd., primary grain size ,18 nm), followed by pre~mixihg for 30 minutes. After that, the 
dispersion process was carried out under the same conditions as in Example 2. 

Further, the centrifugal separation process (12000 RPM f 20 minutes) was carried out to remove coarse 
particles, thereby preparing a disperse solution. 

^(Preparation of Ink) 



above disperse solution 


25 parts 


ethylene glycol - mbnobutyl ether 


0.8 part 


glycerol 


9 parts 


ethylene glycol 


5 parts 


ion-exchanged water 


60.2 parts 



The above ingredients were mixed and adjusted irfpH value to fall in the range of 8 to 10 with arninomethyl 
propanol, thereby obtaining ink. 

Example 29 

Ink was prepared exactly in the same manner as in Example 28 except that carbon black was replaced 
by Mogul L (by Cabot Co., primary grain size 24 nm). 
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Example 30 

(Preparation of Pigment Dispersed Solution) 



Malkyd No. 31 (by Arakawa Chemicals Co., Ltd.) 


1 .5 parts 


ion-exchanged water 


82.5 parts 


ethylene glycol 


5 parts 



The above ingredients were mixed and heated to 70 *C using a water bath in order to completely dissolve 
the resin ingredient. Added to this solution was 11 parts of new experimentally manufactured carbon black 
(S170 by Degussa AG, primary grain size 24 nm), followed by pre-mixing for 60 minutes. After that, the 
dispersion process was carried out under the same conditions as in Example 3. 

Further, the centrifugal separation process (1 2000 RPM, 20 minutes) was carried put to remove coarse 
particles, thereby preparing a disperse solution. 

(Preparation of Ink) 



25 



above disperse solution 


30 parts 


triethylerie glycol - mohobuty! ether 


0.5 part 


'glycerol 


12 parts ; 


diethylene glycol 


15 parts : 


.2Tpyrrolidone . 


5 parts 


ion-exchanged water 


37.5 parts . 



TheK above ingredients were mixed and adjusted in pH value to fail in the range of 8 to 10 with 
30 monoethanolamine. thereby obtaining the ink of the present invention. 

Reference Example 6 

Ink was prepared in the same manner as in Example 27 except that diethylene glycol - monobutyl 
35 ether, as alkyl ether (with alky I group having 4 or more carbons) of polyhydric alcohol according to the 
present invention, was not used and replaced by ion-exchanged water in the preparation of ink. 

Reference Examples 7 and 8 

40 Ink was prepared in the same manner as in Examples 28 and 29 except that Hiparac C, as rosin- 
denaturated maleic acid according to the present invention, was pot added, but styrene - acrylic acid - butyl 
acrylate copolymer (acid value 110 / weight-average molecular weight 7000) was instead in the preparation 
of pigment dispersed solution. 

45 Reference Example 9 

Ink was prepared in the same manner as in Example 30 except that triethylene glycol - monobutyl ether 
was not used and replaced by ion-exchanged water in the preparation of ink. 
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Evaluation 



Evaluation was made similarly to Examples 6 to 10. The evaluation results are listed in Table 6 below. 



Table 6 



Evaluation Results 




Evaluation 1 
Discharge Stability 


Evaluation 2 Printing Density 


Evaluation 3 
Printing quality 


Xerox4024 


NP-DRY 


Example 27 


O 


1.35 


1 .28 


O 


Example 28 


O 


1.38 


1.32 


O 


Example 29 


O 


1.41 


1.33 


O 


Example 30 


O 


1.40 


1.32 


O 


Ref. Ex. 6 


A 


1.28 


1.15 


A 


Ref. Ex. 7 


o 


1 .30 


1.25 


A 


Ref. Ex. 8 


o 


1.25 


1 20 


A 


Ref. Ex. 9 


A 


1.20 


1.15 


A 



As described hereinabove. -the ink; of tiie : present invention has advantages, when i. apF>)i^ ink J et 
printer utilizing thermal energy, such that printed images have good durability, the ink can always be stabiy 
discharged for a. long, period of time. even under variations in driving conditions, , ; and satisfactory printing 
quality and density are obtained on any r types of .pjain paper white e arid stability 

during long-term storage. 

While the present invention has . been, descri bed. with respect to what is presently considerecj to be the 
preferred embodiments, it is to be understood that the invention is not limited 'to the djsclpsed , embodi- 
ments. To the contrary, the invention is intended to cover various modifications and eqliivaieht arrange- 
ments included within the spirit and scope of the appended claims. The scope of the following claims is to 
be accorded the broadest interpretation so as to encompass all such modifications and equivalent 
structures and functions. 

Claims . . . .-. ■ . ..' , v . ... • u\.r." - 

1. A water-based ink comprising a pigment, a dispersant for dispersing said pigment, a water-soluble 
organic solvent, and water., wherein said dispersant is at least one compound selected from the group 
consisting of (a) to (c): 

(a) a ; polymer having a hydrophi lie part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophiljc part. 3 to 25 mol% of at least one monomer containing a long- 
chain nonionic group, which is selected from the following formulae (I) to (III), and 5 to 60 mol% of a, 
p - ethylenic unsaturated carboxylic acid, 

CH 2 = C(R) - COO - (CH2CH 2 Q) m H (I) 

CH 2 = C(R) ^ COO - (CH2.CH 2 0)„ -;(CH 2 ),H (") 

CH 2 . = C(R) - COO - (CH2CH 2 0) P - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 , m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12. p is a 
numeral from 1 to 12. and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 
the following formulae (IV) and (V), 
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JO 



75 



20 



H Ri 
\ / 1 

C = C (IV) 

/ \ 

H O - C - R, 

6 •- 

o 



H R, 
\ / 1 

C = C (V) 
H CH 2 - O - C - R 2 

" O 

where Ri is H or CH 3 and R2 is an alky I group with 1 to 5 carbons; and 
(c) polyethyleneimine. 

2. A water-based ink according to claim 1. wherein said ink contains, as said disper^arit. a polymer 
25 se iept ec | from said group (a) and, as said water-soluble organic solvent, at least one selected from the 

J group consist rnonoalkyl ether of diol^ rnonoalkyl ether of triolr and dialkyl ether of triol, 

,3L A water-based ink' according to claim i; } Wherein the weight-average molecular weight of a polymer 
selected from said group ^ is in the range of 500 to 30000. ^ ; , 

30 ' . . • . ' . ■ - V h, ' ; ■■ ■ ' - :: "' : 

4. A wkter-based ink according to claim ' 1, wherein the weight-average molecular.: weight of a polymer 
selected from said group (a) or (b) is in the range of 1000 to 15000. 

'\s'. A water-based ink according to claim 1 , Wherein the content of a polymer selected from said group (a) 
35 or (b) is iri trie range of O.i to 5 wt% with respect to the total weight of the ink. 

6. A water-based ink according to claim 1 , wherein the monomer represented by said formula (IV) or (V) is 
selected from the group consisting of vinyl acetate, vinyl propionate, isopropenyl acetate, ally I acetate, 
allyl propionate, vinyl butyrate, and allyl butyrate. 

40 . „ p 'Vy '7- : " ' ". • " ; •' • '• : " ' " " ■ - [ y ' 

7. A water-based ink according to claim i, wherein the weight-average molecular weight of said 
polyethylenimine is in the range of 1000 to 40000. 

" &. A water-baised ink according to claim 1, wherein said ink contains said polyethyleneimine in the range 
45 of 6.1 to 10 wt% for the total weight of the ink. 

9. A water-based ink according to claim 1, wherein said ink contains, as said organic solvent, at least one 
selected from the group consisting of methanol, ethanol, propariol, and butanol. 

50 10. A water-based ink containing a pigment; a dispersarit, a water-soluble organic solvent, and water, 
wherein said ink contains at least one water-soluble organic solvent selected from the group consisting 
of rnonoalkyl ether of diol, rnonoalkyl ether of triol and dialkyl ^ther of triol. and white inorganic fine 
particles. 

55 11. A water-based ink according to claim 10, wherein said white inorganic fine particles are titanium dioxide 
fine particles or alumina fine particles. 
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12. A water-based ink according to claim 10, wherein the ratio of primary particle size of said white 
inorganic fine particles to primary particle size of said pigment is in the range of 1/10 to 5/1. 

13. A water-based ink according to claim 10, wherein the content ratio in weight of said white inorganic fine 
particles to said pigment is in the range of 1/20 to 1/1 . 

14. A water-based ink containing a pigment, a dispersant, a water-soluble organic solvent, and water, 
wherein said ink contains, as said water-soluble organic solvent, at least one selected from the group 
consisting of monoalkyl ether of diol, monoalkyl ether of triol and dialkyl ether of triol. <arid as said 
dispersant, rosin-denaturated maleic acid. _ 

15- An ink jet recording method comprising the step of: 

ejecting droplets of ink containing a recording agent and a liquid medium from orifices of a 
recording head in accordance with a recording signal to thereby make a recording on a recording 
material, wherein said ink is a water-based ink comprising a pigment, a dispersant for dispersing said 
pigment, a water-soluble organic solvent, and water, wherein said dispersant is at least one compound 
selected from the group consisting of (a) to (c): 

(a) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophilic part, 3 to 25 mol% of at least one monomer containing a long- 
chain nonionic group, which is selected from the following formulae (I) to (III), and 5 to 60 mo!% of or, 
0 - ethylenic unsaturated carboxylic acid, 

CH 2 = C(R) - COO - (CH2CH2 0) m H (I) 

CH 2 = C(R) - COO - (CH2CH 2 0) n - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH 2 CH 2 0) p - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 , m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12, p is a 
numeral from 1 to 12, and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 
the following formulae (IV) and (V), 



(IV) 

R 2 



(V) 

O - C - R 2 
I 

o 

where Ri is H or CH 3 and R2 is an alkyl group with 1 to 5 carbons; and 
(c) polyethyleneimine 

16. An ink jet recording method according to claim 15, wherein said recording material is non-coated 
paper. 
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c = c 
/ \ 
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II 
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17. An ink jet recording method according to claim 15, wherein droplets of said Ink are formed through 
thermal energy acting upon said ink. 

18. A recording unit comprising an ink receptacle containing ink and a head portion for discharging said ink 
in the form of ink droplets, wherein said ink is a water-based ink comprising a pigment, a dispersant for 
dispersing said pigment, a water-soluble organic solvent, and water, wherein said dispersant is at least 
one comppuhd selected from the group consisting of (a) to (c): 

(a) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophilic part, 3 to 25 mol% of at least one monomer containing a long- 
chain nonionic group, which is selected from the following formulae (I) to (III), and 5 to 60 mol% of a, 
0 - ethylenic unsaturated carboxylic acid, 

CH 2 = C(R)-COO-(CH 2 CH 2 0) m H (I) 

CH 2 = C(R) - COO - (CH 2 CH 2 0)„ - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH 2 CH 2 0)p - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 , m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12, p is a 
numeral from 1 to 12, and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 
the following formulae (IV) and (V). 



(IV) 

C - R 9 

i 

O 

H Ri 
\ / 1 

c = c 

/ \ 

H CH 2 - O 



where Ri *'is H or CHa and R 2 is an alkyl group with 1 to 5 carbons; and 
(c) polyethyleneimine 

19. A recording unit according to claim 18, wherein said head portion includes a head for discharging the 
ink droplets through thermal energy acting upon said ink. 

20. An ink cartridge comprising an ink receptacle containing ink, wherein said ink is a water-based ink 
comprising a pigment, a dispersant for dispersing said pigment, a water-soluble organic solvent, and 
water, wherein said dispersant is at least one compound selected from the group consisting of (a) to 

(c): ... ; 

(a) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophilic part, 3 to 25 mol% of at least one monomer containing a long- 
chain nonionic group, which is selected from the following formulae (I) to (III), and 5 to 60 moi% of a, 
0- ethylenic unsaturated carboxylic acid, 

CH 2 = C(R) - COO - <CH 2 CH 2 0) m H (I) 



H 



\ 



H 



c = c 
/ \ 



o - 



(V) 

- C - R 2 
0 

o 
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CH 2 = C(R) - COO - (CH 2 CH 2 0)„ - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH 2 CH 2 0) p - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 , m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12, p is a 
numeral from 1 to 12, and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 
the following formulae (IV) and (V), 

H Ri 
\ / 

c = c (iv) 

/ \ 

H O - C - Ro 

1 

o 

H R x 

! 

■■■■ -■• ; , • - ; ■: o ■ ----a, . 5 .... ..= .. 

. . where Ri is H or CH 3 and R 2; is an alkyl group with 1 t^o S carbgns; and 

(c) polyethyleneimine r k - ; ■ ? ; ^ c , nu: -v.-;.- i :; 

An ink jet recording apparatus including a recording, unit ink 
and a head portion for discharging said ink in the foTO said ink is a water- 

based ink comprising a pigment, a dispersant for dispersing ; ,said pigment, a water-spiuble organic 
solvent, and water, wherein said dispersant is at least one compound selected from the group 
consisting of (a) to (c): , : v. { v -p\ ' y 

(a) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophilic parti 3 to 25 : mol°/o of at least . one monomer CQntaining a long- 
chain nonionic group, which is selected from the following formulae (I) to (III), and 5 to 60 moi% of a, 
j9 - ethylenic unsaturated carboxy lie acid, : : 

CH 2 = C(R) - COQ - (CH2CH 2 0) m H s (I) , 

CH 2 = C(R) - COO - (CH2CH2O),. - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH2CH 2 0) P - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 , m and n are each a numeral from 2 to 24, I is a numeral from 1 to 12, p is a 
numeral from 1 to 12, and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 
the following formulae (IV) and (V). 
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(IV) 

R 2 



(V) 

O - C - R 0 
B 
O 

20 where Ri is H or CH3 and R2 is an alky I group with 1 to 5 carbons; and 

(c) polyethyleneimine 

22. An ink jet recording apparatus according to claim 21. wherein said head portion includes a head for 
discharging the ink droplets through thermal energy .acting upon said ink. 

25 ' 

23. An ink jet recording apparatus comprising a recording head for discharging ink droplets, an ink 
cartridge having an ink receptacle containing ink, and an ink supply portion for supplying said ink from 
said ink cartridge to said recording head, wherein said ink is a water-based ink comprising a pigment, a 
dispersant for dispersing said pigment, a water-sofubie organic ^solventr and water, wherein said 

30 dispersant is at least one compound selected from the group consisting of (a) to (c): = ; 

(a) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
1 ' monomer m^ mol% of at least one monomer containing a long- 

.chain riohiohic group, which is ; selected from the following formulae (I) to (III), and 5 to 60 mol% of a, 
^3-^ • *'-'-•••••••'•:• ; • ^ < ; v 

CH 2 = C(R) - COO - (CH 2 CH 2 0) m H (I) ~ ^ 

4 " CH2 = C(R) COO - (CH2CH2 6)„ - (CH 2 )|H (II) - ^ , = - ; ... \ - - ,o 

40 CH 2 = C(R) - COO - (CH 2 CH 2 0) p - phenyl - (CH 2 ) q H (III) 

where R is H or CH3. m and n are each a numeral from 2 to 24] \ is a numeral from 1 to 12, p is a 
numeral from 1 to 12, and q is a numeral from 1 to 16; 

(b) a polymer having a hydrophilic part and a hydrophobic part, said polymer containing, as a 
45 monomer making up said hydrophobic part, 5 to 70 mol% of at least one monomer selected from 

the following formulae (IV) and (V). 
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H Ri 
\ / 

C = C (IV) 

/ \ 

H O - C - R 9 

I 

O . 



H R 

10 \ 



A 1 : ■ 

C = C XV) 



/ \ 

H CH, - 0 - C - Ro 

2 I 

15 0 



where Ri is H or CH 3 and R2 is an alky I group with 1 to 5 carbons; and 
(c) polyethyleheimine 



20. 



24. An ink jet recording apparatus according to claim 23, wherein said head is of a head for discharging the 
ink droplets through thermal energy acting upon said ink. 

, 25- An ink jet recording method comprising the step o r il , ; , ; r r t - . 

25 ,.; ejecting Vdroplets pi of a 

• recording head in accordance with a r^c^ing sjgnaj^^ 
l > .material,,; wherein' said ink is!.. a, water-basert^nk comprising a pigm 
r T organic ;;Soiyent, ; and-^^ contains^) ' af "(east "one; ' water-siluble ' ;oj^ni£ : solvent 

selected from the group consisting of monoalkyl ether of diol. m onoalkyi ether of tribl, 'and dialkyl ether 
30 of triol, and (ii) white inorganic fine particles. . 

26. An ink jet "recording method comprising the step of: ; ^ i . 

ejecting droplets of ink containing a recording agent and a liquid medium from orifices of a 
• ! recording head in accordance Witha recording signal to thereby make a recbrdinjg on a recording 
35 - material, wherein . said ink is! "a water-based ink' bonteinirig a "pigment, a dispersant, a water-soluble 
organic solvent, and water, wherein said ink contains at least one water-soluble organic solvent selected 
from the group consisting of monoalkyl ether of diol, monoalkyl ether of triol, and dialkyt ether of triol, 
and as said. dispersant, rosin-denaturated maleic acid. 

40 27. An ! ink jet! recording method" according to claim 25, wherein said recording material is non-coated 
,.,,",.• !" paper. ...,":." . . ; v . . " •. ".!'.'"./ ' 

28. An ink Jet recording method according to claim 26, wherein said recording material is non-coated 
paper. 

, 29. An ink jet recording method according to claim 25, wherein droplets of said ink are formed through 
thermal energy acting upon said ink. 

30. An ink jet recording method according to claim 26, wherein droplets of said ink are formed through 
50 thermal energy acting upon said ink. 

31. A recording unit comprising an ink receptacle containing ink and a head portion for discharging said ink 
in the form of ink droplets, wherein said ink is a water-based ink comprising a pigment, a dispersant, a 
water-soluble organic solvent, and water, wherein said ink contains (i) at least one water-soluble organic 

55 solvent selected from the group consisting of monoalkyl ether of diol. monoalkyl ether of triol. and 

dialkyl ether of triol, and (ii) white inorganic fine particles. 
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32. A recording unit comprising an ink receptacle containing ink and a head portion for discharging said ink 
in the form of ink droplets, wherein said ink is a water-based ink a pigment, a dispersant, a water- 
soluble organic solvent, and water, wherein said ink contains at least one water-soluble organic solvent 
selected from the group consisting of monoalkyl ether of diol, monoalkyl ether of triol, and dialkyl ether 

5 of triol, and as said dispersant, rosin-denaturated maleic acid. 

33. A recording unit according to claim 32, wherein said head portion includes a head for discharging the 
ink droplets through thermal energy acting upon said ink. 

ro 34. A recording unit according to claim 33, wherein said head portion includes a head for discharging the 
ink droplets through thermal energy acting upon said ink. 

35. An ink cartridge comprising an ink receptacle containing ink, wherein said ink is a water-based ink 
containing a pigment, a dispersant, a water-soluble organic solvent, and water, wherein said ink 

rs contains (i) at least one water-soluble organic solvent selected from the group consisting of monoalkyl 
ether of diol. monoalkyl ether of triol, and dialkyl ether of triol, and (ii) white inorganic fine particles. 

36. An ink cartridge comprising an ink receptacle containing ink; wherein said ink is a water-based ink 
containing a pigment, a dispersant, a water-soluble organic solvent, and water, wherein said ink 

20 .. contains at least one water-soluble organic solvent selected from the group consisting of monoalkyl 
6ther of diol, monoalkyl ether of trio!, and dialkyl ether of triol. and a^ said dispersant, rosin-denaturated 
maleic acid. ' • '"■ ' 

37. An ink jet recording apparatus including a recording unit ramprisihg an ink receptacle containing ink 
25 f and a head portion for discharging said ink in the form of ink drojp-lets, wherein said ink is a water- 

^ : . based ink" containing a pigment, a dispersant a water-soluWe organic solvent, arid water; wherein said 
1' ink contains (i) at least one water-soluble organic solvent selected frorn the group consisting of 
mpnoaikyl ether of diol; monoalkyl ether of triol, and dialkyl ether 6f triol, and (ii) white inorganic fine 
particles. ( ' 1 • ; ; ' ." '"' "'./' 

30 "" ' l .' 

3a An ink jet recording apparatus including a recording unit comprising an ink receptacle containing ink 
and a head portion for discharging said ink in the form of ink droplets; wherein said ink is a water- 
based ink contaihing a pigment, a dispersant, a water-sbiuble organic solvent, and water; wherein said 
ink contains at least one water-soluble organic solvent selected from the group consisting of monoalkyl 
35 r J ,, ether of diol. monoalkyl ether of triol, and dialkyl ether of triol. and as said dispersant. rosin-denaturated 
; ; maleic acid. "". ! 

39. An ink jet recording apparatus comprising a recording head for discharging ink droplets, an ink 
cartridge haying the ink receptacle containing ink. and an ink supply portion for supplying said ink from 
40 said ink cartridge to said recording head, wherein said ink is a water-based ink containing a [Sigrrient;<a 
dispersant. a water-soluble organic solvent, and water, wherein said ink contains (i) at least one water- 
soluble organic solvent selected from the group con-sisting of monoalkyl ether of diol, monoalkyl ether 
of triol. and' dialkyl ether of triol, and (ii) white inorganic fine particles. 

45 40. An ink jet recording apparatus comprising a recording head for discharging ink droplets, an ink 
cartridge having the ink receptacle containing ink, and an ink supply portion for supplying said ink from 
said ink cartridge to said recording head, wherein said ink is a water-based ink containing a pigment, a 
dispersant, a water-soluble organic solvent, and water, wherein said ink contains at least one water- 
soluble organic solvent selected from the group consisting of monoalkyl eth^r of diol, monoalkyl ether 

so of triol, and dialkyl ether of triol, and as said dispersant, rosin-denaturated maleic acid. 
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© A water-based ink, ink jet recording method using same, and equipment using same. 

© A water-based ink containing a pigment, a dispersant for dispersing the pigment, a water-soluble organic 
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hydrophilic part/ 3 to 25 mol% of at least one monomer containing a long-chain nonionic group, which is 
selected from the following formulae (I) to (III), and 5 to 60 mol% of cr, 0 - ethylenic unsaturated carboxylic acid, 

CH 2 = C(R) - COO - (CH 2 CH 2 0) m H (I) 

CH 2 = C(R) - COO - (CH 2 CH 2 0) n - (CH 2 ),H (II) 

CH 2 = C(R) - COO - (CH 2 CH 2 0) p - phenyl - (CH 2 ) q H (III) 

where R is H or CH 3 . m and n are each a numeral from 2 to 24, 1 is a numeral from 1 to 12. p is a numeral from 
1 to 12, and q is a numeral from 1 to 16; (b) a polymer having a hydrophilic part and a hydrophobic part, the 
polymer containing, as a monomer making up the hydrophobic part, 5 to 70 mol% of at least one monomer 
selected from the following formulae (IV) and (V). 
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where Ri i H or CH 3 and Ffe is an alkyl group with 1 to 5 carbons; and (c) polyethyleneimine. The ink may be 
used in an apparatus and according to the present ink jet recording method. 
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